OBJECTIVES: To investigate the effect of physical activity on the association between television viewing and overweight (body mass index (BMI) ! 25 kgam 2 ). DESIGN: Cross-sectional study administered by interview to adults randomly selected from the electronic white pages. SUBJECTS: 3392 adults (64% response rate) from a representative population sample in the State of New South Wales, Australia. MEASUREMENTS: Self-reported height and weight, two-week leisure-time physical activity recall, one-week average television viewing recall. RESULTS: BMI and physical activity patterns were both associated with hours of television watched. Compared to those participants who reported watching less than one hour of television per day, those watching 1 to 2.5 hours were 93% more likely to be overweight (BMI ! 25 kgam 2 ), those watching 2.5 to 4 hours were 183% more likely to be overweight, those watching more than 4 hours per day were four times more likely to be overweight. Physical activity was not directly associated with being overweight, but an interaction between activity and television watching was present. Respondents in the low, moderate and high physical activity categories who reported watching more than 4 hours of television per day were twice as likely to be overweight compared to those who watched less than one hour of television per day, irrespective of physical activity participation. CONCLUSIONS: With approximately half the Australian adult population overweight or obese, these ®ndings indicate that public health strategies to reduce overweight and prevent weight gain may need to focus on reducing sedentary behaviours such as television viewing in addition to increasing physical activity.
Introduction
Physical inactivity is associated cross-sectionally with overweight, and longitudinally with weight gain. 1 ± 3 Western nations have a high prevalence of overweight and current trends indicate that the incidence of overweight is increasing rapidly, becoming more common even in developing nations. 4 In 1995, 66% of Australian men and 46% of Australian women aged over 19 years were classi®ed as overweight or obese (Body Mass Index (BMI) b 25 kgam 2 ). 5 Recent increases in rates of overweight are thought to be occurring against a relatively static metabolic backdrop, at a time when total energy intake is in decline. Increasing rates of overweight have been attributed mainly to increasingly sedentary lifestyles. 6, 7 Television viewing is a common sedentary behaviour. Australian adults spend an average of two hours per day watching television. 8 Examining the association between television viewing, overweight and physical activity has become a focus of research into the determinants of overweight. The majority of television studies have involved children and although not all studies of television viewing habits and body mass index of children have found consistent associations, 9 ± 12 many have shown a positive association. 13 ± 19 In addition, studies of the association between television viewing and physical activity for children have presented mixed ®ndings. 9±12,14,16,17,20 Fewer studies have examined the relationship between overweight and obesity, television viewing, and physical activity in adults. One study of adult males 21 and another of adult females, 22 found signi®-cant positive associations between body fat percentage and hours of television viewing. A positive association between television viewing and BMI was reported among adult Pima Indians, together with a negative relationship between television viewing and physical activity. 23 A longitudinal study of adult male health professionals found positive associations between BMI and television viewing, independent of physical activity level. 24 A recent longitudinal study of adults participating in a weight gain prevention study found television viewing predicted weight gain in high-income women at one-year follow-up, 25 however at the 3-year follow-up there was no signi®cant association. 26 All of these studies used non-representative adult population samples. Therefore, it may be that the associations found were particular to participants in these studies.
We used data derived from a population sample of adult Australians to examine whether physical activity modi®es the association between television viewing and overweight. It was hypothesised that any positive association between television viewing and overweight would be weakened with increased levels of participation in physical activity.
Methods

Subjects
The data reported here are derived from the 1996 state Physical Activity Survey in New South Wales (NSW), Australia. This was a cross-sectional study designed to examine participation in physical activity during leisure-time and at work, among adults in NSW. The survey was administered by telephone interview to a random sample of adults from the electronic white pages. Prior to receiving a telephone call, the selected households were mailed a letter explaining the survey. An adult from each household was randomly selected using the`next birthday' method, where the household resident with the next birthday was de®ned as the sampled individual. The survey was administered using a computer-assisted telephone interview (CATI) system and took a median of 16 to 17 minutes to complete. The total number of household contact calls made was 5303, of which 3392 interviews were successfully completed, representing a 64% response rate.
Measures
The interview included questions regarding sex, age, country of birth, language spoken at home, educational attainment, post-code and suburb or town of residence. Television viewing habits were assessed by asking:`How many hours do you spend watching TV andaor videos on a typical weekday?' This question was repeated for a typical weekend day. BMI was derived from self-reported weight and height. Using nationally-representative Australian data it has been shown the correlation between measured and selfreported height is 0.93 for men and 0.92 for women, and that the correlation between measured and selfreported weight is 0.97 for men and 0.98 for women. 27 BMI was calculated as weight (kg)aheight 2 (m). To assess leisure-time physical activity, global measures of walking, moderate and vigorous physical activity were used. For example, the global walking question asked:`In the past two weeks, how many times have you walked (whether for recreation or exercise or to get to or from places) for at least 10 minutes continuously? Following this was a question asking about total time spent walking in this way during the past two weeks. The type, frequency, duration and intensity of vigorous and moderate activity performed in the past two weeks were also assessed. For example, the vigorous activity question asked:`Which two vigorous activities did you spend most time doing in the past two weeks?' Respondents were further prompted for other vigorous activities they may have spent time doing in the past two weeks. These questions were then repeated for moderate activities. The physical activity measures used were similar to those used in previous Australian population surveys of physical activity, 28, 29 and have been shown to have good reliability and validity.
30,31
Statistical Analyses
Following the system recommended by the National Health & Medical Research Council, a categorical variable was created for BMI which classi®ed respondents as`not overweight' (`25 kgam 2 ) and`overweight' ( ! 25 kgam 2 ).
32
A continuous variable of leisure-time energy expenditure (kcalaweek) was created using metabolic equivalent values (Mets) for each type of physical activity. 33, 34 The summed total time spent walking and in moderate activities was multiplied by 3.5 Mets, then by body weight (kg). The total time spent in vigorous activities was multiplied by 9.0 Mets, and by body weight. These ®gures were summed and divided by two to provide an estimate of weekly energy expenditure expressed as kcalaweek. 30, 31, 35 Based on this continuous variable of energy expenditure (kcal/week), four levels of physical activity were created. 28, 29 Respondents were classi®ed in thè inactive' category if their energy expenditure was 50 kcalaweek, in the`low' physical activity category if energy expenditure was between 50 and 799 kcalaweek, in the`moderate' physical activity category if energy expenditure was between 800 and 1600 kcalaweek, and in the`high' physical activity category if estimated energy expenditure was b 1600 kcalaweek. The moderate kcalaweek cut points of physical activity are based on the amount of energy expenditure recommended by the US Surgeon General as being adequate for health bene®ts. 36 Hours of reported television viewing on a typical weekday were multiplied by ®ve, and hours watching television on a typical weekend day were multiplied by two, these were then summed and divided by seven to estimate the average television watched per day.
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Using SPSS version 8.0, Chi-square (w 2 ) tests were performed to examine differences between sociodemographic variables and BMI, physical activity, and television viewing. A series of one-way ANOVAs were performed within each level of physical activity, examining differences in BMI means for each of the four categories of television viewing. Forced entry logistic regression analyses were performed for age, sex, education, television viewing and physical activity levels predicting overweight and obesity (BMI ! 25 kgam 2 ). Interaction terms were tested for in the ANOVA and logistic regression models. Global interaction terms were used, based on the categorical forms of the television viewing and physical activity variables; in the ANOVA model, only two way interactions were sought. Four separate logistic regression models explored the association between television watching and being overweight at each level of physical activity.
Results
Sample characteristics
Of the 3392 participants in the survey, 1555 (45.8%) were males, and 1837 (54.2%) were females (Table  1 ). Compared to Census data, 37 females, those with a university education, and those over 60 y were overrepresented in the sample.
Demographic data (age, gender and household size) were weighted to the NSW population of 4.22 million adults aged 18 years and over. 37 Although the data were weighted to the prevalence estimates of the NSW population, the sample size remained at 3392 to enable statistical tests to be performed. All statistical analyses in this paper use weighted data.
Body Mass Index
The mean BMI for males was 25 Table 2 . Overweight and obesity was more common in those aged over 45 y, those with less education, and those not in paid employment. Overweight prevalence increased with increasing age (up to 45 ± 59 y), and decreased with increasing education.
Physical activity
The percentage distribution of leisure-time physical activity levels by selected sociodemographic characteristics is presented in Table 3 . Physical inactivity was more common in women, those aged over 60 y, those with less education, those with no paid work, and those born in non-English speaking countries. Physical activity category was not related to BMI (w 2 trend 1.76, P 0.18). There was a signi®cant difference between physical activity groups and BMI categories (w 2 11.4, df 2, P`0.01). A high proportion of those in the inactive group were overweight (47%) compared to those in the low (39%), moderate (44%), and high (41%) physical activity categories (data not shown).
Television viewing
The average time spent watching television by respondents was 2.4 hours per day (s.d. 1.4). There was no signi®cant difference in the time spent watching television between males and females. The hours of daily television viewing at the 10th percentile was 0.75 (or 45 minutes), and at the 90th percentile was 4.1. The distribution of television viewing by sociodemographic characteristics is presented in Table 4 . 
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Respondents reporting watching an average of more than 4 hours television per day were more likely to be female, over 60 y, in the low or inactive physical activity categories, overweight or obese, less educated, and with no paid employment.
Overweight, television viewing and physical activity
The relationship between BMI and television viewing across the four levels of physical activity is displayed in Figure 1 , where BMI increased with increasing television watching. For example, the prevalence of overweight was 29.7% among those who watch`1 hour of TV per day, increasing to 50.4% of those who watched at least four hours of TV per day (w 2 trend 41.3, P 0.001). This is also illustrated in Figure 1 . One-way ANOVAs revealed signi®cant differences in mean BMI with increased hours of television viewing for those in the high level of physical activity category (P`0.001), moderate (P`0.001), and low (P`0.01), but not for those in the inactive category. For those in the high physical activity category, the mean BMI ( AE s.d.) was 23.1 ( AE 3.6) for those watching`1 hour of television per day compared to 26.3 ( AE 3.9) for those watching b 4 hours per day. The mean BMI of respondents in the moderate physical activity category who reported watching less than one-hour of television per day was 23.7 ( AE 3.9) compared to 26.1 ( AE 5.7) for those watching more than 4 hours. For those in the low physical activity level watching less than one hour of television per day, mean BMI was 23.6 ( AE 3.9) compared to 25.0 ( AE 4.3) for those watching more than 4 hours per day. An overall model was ®tted to these data, including an interaction term between activity and TV watching; this two-way interaction term was nearly signi®cant (F 9 1.74, P 0.08). Logistic regression modelling, adjusting for age, sex, education, employment status, physical activity level, and television viewing, was performed to assess the likelihood of being in the overweight or obese BMI category ( ! 25 kgam 2 ) (Table 5 ). Age, sex and education were all signi®cantly associated with overweight. Odds Ratios for overweight decreased with increasing education. The likelihood of being overweight increased with increased hours of television viewing. Analyses were conducted for each category of physical activity, and the sedentary level of activity was associated with increased BMI compared to the most active category. An interaction term was ®tted, Australian television viewers and physical activity J Salmon et al representing the interaction between hours of television viewing and physical activity. Since the interaction was signi®cant separate models were ®tted ( Table 6 ). The ®rst model tested the relationship between BMI and television viewing for the inactive respondents, the second model tested the relationship between BMI and television viewing for respondents in the low activity category, and so on.
Apart from the respondents in the inactive category, increased hours of television viewing was signi®-cantly related to overweight within each level of physical activity. For those in the low physical activity category (Model 2), the likelihood of overweight increased signi®cantly with each category of television viewing b 1 hour per day. Those watching between 1 ± 2.5 hours of television per day were 57% more likely to be overweight; those watching 2.5 ± 4 hours were 91% more likely to be overweight; and those watching b 4 hours per day were two times more likely to be overweight. For respondents in the moderate physical activity category the likelihood of overweight increased for those watching b 2.5 hours of television viewing per day. Those in the high physical activity category who reported watching between 2.5 ± 4 hours per day were 85% more likely, and those watching b 4 hours of television per day were two times more likely to be overweight compared to those watching`1 hour per day. The trends are striking in Models 2 ± 4. At all levels of physical activity, except for the inactive category (Model 1), odds ratios for overweight increased with increasing television viewing time.
Discussion
The results of this study indicated that even for adults who are physically active, watching more than four hours of television per day was associated with at least a two-fold increased risk of being overweight. This ®nding partially supports other longitudinal studies that have found a positive association between overweight and television viewing independent of physical activity. 24 However in this study the relationship between television viewing and overweight was modi®ed by physical activity; a ®nding consistent with other cross-sectional studies that have found physical activity or physical ®tness to modify this relationship. 21, 22 Our study has produced mixed results, in that there was a lack of a clear relationship between overweight and television viewing for the most sedentary category but a relationship appeared to exist for other activity categories. This suggests that some active people may compensate for their participation in physical activity by increased nutritional intake or increased sedentary periods in other parts of their day. Furthermore, the study was the ®rst to examine television viewing, physical activity and overweight using data from an adult population-based representative sample.
The association between television viewing and overweight, even for those who were physically active, may be because television viewing is a proxỳ marker' for other behaviours that lead to overweight, such as other sedentary behaviours or dietary behaviours. There is some evidence that prolonged hours Australian television viewers and physical activity J Salmon et al of television viewing and overweight may be associated with the intake of foods high in saturated fat. A number of studies have examined the association between diet and television viewing in children and adolescents. 38 ± 41 These have shown that television viewing is negatively associated with consumption of healthy foods' and positively associated with foods high in saturated fat. A recent longitudinal study of a self-selected sample of adults also found a positive association between television viewing and energy intake, as well as percentage of energy from fat. 25 However it is not possible to determine from these studies whether the relationships are due to the intake of particular foods while watching television, or indicative of generally unhealthy lifestyle patterns. Although our ®ndings indicated an association between television viewing and overweight, this relationship was not entirely independent of physical activity. For those participating in moderate levels of physical activity, only those watching b 2.5 hours of television per day were at increased risk of overweight. However, in the low, moderate, and high physical activity levels, there were obvious trends of increasing odds ratios with increased television watching, which were strongest (and signi®cant) at the higher levels of television watching. Among the most active, 9% watched at least 4 hours of television daily, and among the moderately active, 43% watched at least 2.5 hours daily; and these levels of television watching placed these individuals at risk of overweight, in spite of their`suf®cient' leisure time activity patterns. It may also be that in addition to television viewing, much of this group's leisure time was spent in other sedentary behaviours. This study suggests that inactivity may be associated with being overweight, but across activity categories television viewing time may be a marker or proxy measure of overweight risk.
Ecological studies in Britain suggest that an increase in sedentary behaviours and decrease in total energy expenditure may be contributing to the prevalence of overweight in developed countries. 6 The total energy expenditure throughout the day is important, not only the small parts of the day spent in purposive physical activity. 36 Therefore, it is important to focus on incidental physical activity as an integrated part of everyday life and tasks, in addition to reductions in sedentary behaviours such as television viewing.
The strengths of our study are that it is based on a population-representative sample, it employed valid and reliable methods to assess physical activity and BMI, 27, 30, 31 the prevalence of physical activity and overweight in the study sample were similar to other Australian population estimates, 28, 29, 37 and the average time spent watching television was similar to other population data. 8 The modest response rate of 64% was based on household level responders; if the randomly sampled adult within the household was contacted, the response rate among them was 81%.
Thus the reported response rate here is a conservative estimate.
A further limitation of our study is that the data on physical activity, television viewing and BMI are cross-sectional, and it is therefore not possible to establish causal relationships. For example, greater fatness may lead to decreased physical activity and increased television viewing, as well as vice versa. Nonetheless, our study poses new questions regarding the inter-relationship among physical activity, television viewing and overweight. Even those who are active in leisure-time physical activity may be overweight if they engage in enough sedentary behaviour.
In conclusion, this study shows that adults who watch more than four hours of television daily are signi®cantly more likely to be overweight, even if they are physically active. Thus being very active, even for recommended amounts of time per week, may not protect against obesity in the presence of prolonged sedentary behavior time, such as television watching. These ®ndings suggest that, in order to reduce the prevalence of overweight and obesity, or at least prevent weight gain, it may be not only important to increase participation in purposive physical activity, but also to reduce the time spent in sedentary behaviours. Longitudinal studies are required to further examine the potential causal nature of these relationships between the development of overweight, television viewing and other sedentary behaviours, dietary behaviours and physical activity.
